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©eeiosoeja w a vessel 

BcsftEreewti of the taction 

Bgj of thn Invention 



Tlio proont snvootion relates goacreBy to tfaa ecdaaen of □ vessel wittai o patient, and mora specifically, 
to on opparotus and crathed of partioBy or compbtdy occluding a vossoL 
Posttnitran of jftfi Retted flrt 

Attempts hsraiofora have boon mode to trout occasions in to carotid crtorios loading so the brain. 
However, sach arteries have bora wary diffauh to treat because of to poss&5ty of dislodging pfcque which can 
enter various arterial vosseis of the brain oral cause permanent ton daREp. Attempts to treat such occlusions 
with baibon angioplasty hove bcwi very limited teeauso of saeh dartre. In surgical troatiranu, such as 
ondortereetomy, the earotid anory is slit and plaque b removed ffrem tho vessel cn tho slit eroa. Such antral 
procedures have substantial risk associated with thorn which can ted to urarteJity and mDnafity. 

In other procedures, such as in angioplasty and in the treatment ef poriphsral artorias and veins, there is 
the possMfty that tho guido wizes and eathotors usod in such procedtrros tog dopbynont of tha same may cause 
dicladgarant of debris or emboli which can ftew downstream and eouse serious damage, such as strotte, if they 
oecfuda Wood flow in srrafer vessels. Thus, in summary, ambofeation ami miration of micriMsmbeB downstream 
to on end organ is a msjer concern of cardiologists during cothatcriiotions. 

Thare is therefore need for new and improved apparatus and methods which make it possible to treat 
eeeojded vassals without ondangsring the patient. * 

SflProrv of tha Invention 

Tha present invention satisfies to nsed for a devtco that occludos a voosol. m particular, a vessel in a 
patbot undergoing thercpaitic or other maiical treatment. Any one of a number of different expansion manbers 
are pond to one or mare elongate mambors such os hypotubes to form a devtco that completely or partially occludes 
a vessel wrtliin a pattant. The expansion member may be aaH-oapandmg, h may to expanded by engaging It with 
era of the elongate mantes, or it may ba hooted to cause it to expand. A irambrane preferably surrounds the 
expansion number so thai a seal is made batween the membrane and the vassal The perfusion of bktod is altered 
if to membrane b parforated. Partial occasion may be obtained without a srcmbrora if a suitobta expansion 
member is chosen. In grand, in one aspect of tha present invumioa too b pjovidod an eppcratus and Rsetfitad 
tot can be used with approved diagnostic and thoropaittc devices to rate the efeamsa of emboli ircgrating 
downstream. Ahornativdy. the expansion member moy anchor on intrevascufer device within a vassal. 

One embodiment of the present invention is a device for occluding a vascular segment, in which tho devtco 
Btcbjdes an expansion manber and first and second elongate mentors. Tha first okngato member engages to 
expansion member, and to second elongate mamber surrounds tho first olof&gato wottbor, with tho expansion mamber 
expanding to occlude the vascular segment when one of to olongata members h moved tongrtudinally. Tha 
expansion member preferably includes a braid, a co3. a ribbon-Glie structure, a stoned tubs, a pojrditY of r&s or a 
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titer** rrwh. The device may .he ircW. meteriel that adjoins the expansion membar for craamg . partial or 
total seal with the vascular segment. 

In one partcniar embodiment the exponsion mnin is in an unexpended atata whin h is surrounded by 
tha second elongst. member, but aipands whan tha first elongate member is pushed through the second elongate 
n-nber. In Mother embodiment both tha first and second along*, member, ,re soeured to the expansion member, 
and the expansion member expands as the first elongate member is retracted. 

Another embodiment of the mention is a method of occluding a segment within a vessel which incktdes 
the step of inserting first end second Ungate members into the vessel to be occluded (in which the first elongate 
member adjoins an expand memterL folowed by the atep of varying the position of at least on. of the elongate 
members so that the expansion member expands until the vassal is completely or partially occluded. In one 
embodiment, the varying step includes retracting on. of the elongate members, end in another embodiment the 
varying step comprises pushing one of the elongate members through the other elongate member. inyetonother 
method of occluding a segment within a vessel en expansion member is Inserted within the vessel and the oxpansion 
member is heated to cause it to upend until the vessel is at Inst partially occluded. Heatrg the exponsion member 
may involve, for example, passing electrical current through it or passmg warm solution over or neer it. 

Brief Desermtinn nf flg n»u«.g. 

FIG. 1 is e side-eJevational view h section of one ambodimont of a catheter apparatus incorporating the 
present invention for treatng occluded vestals. 

FIG. 2 is a sidMlevational viaw in section snriar to FIG. 1 but showng the apparatus in FIG. 1 with the 
expansion member (in this case, a self-expendable seal) deployed. 

FIG. 3 is i sidMiavational view in section of another embodiment of e catheter apparatus ineorporotng 
tha present invention for treating ocduded vassals. 

FIG. 4 is a v»w similar to FIG. 3 but showing the expansion member On thn case, a sett-expandable seal) 

deployed. 

FIG. 5 is a schematic, longitudral cross sectional viaw of an ambodimont in which a membrane only 
partially surrounds a braid used as the expansion member. 

FIGS. 6A and 6B show end views of imperforated end perforated membranes, respectively. 

FIG. 7 is a schematic, longitudinal cross sectional view of an embodiment in which e braid without a 
membrane is used. 

FIG. 8 is a schematic, longitudinal cross sectional view of an embodiment in which a filter-like mesh is used 
ss the expansion member. 

FIG. 9 is a schematic, longitudinal cross sectional view of an embodiment h which e slotted tube is used 
as the expansion member. 

FIG. 10 is a perspective view of the .lotted tube used in th. embodenent of FIG. 9. 
FIG. 1 1 is « schematic, longitudinal cross sectional view of on embodenent in which e coil is used es the 
expansion member, and the proxinal end of a membrane surrounding tha col adjoins the coil 
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FIG. 12 is 0 scfrsmatic. tongitudmal cress sactnmsl wow of an Gmbodtmsnt in which a coo* is used as the 
oxpnnsbn member, end lha proximal and of a manbrano surramding to coo* adjoins a stooth that surrounds both 
fast and socsraf dongoto rrcmbars. 

FIG. 12A s on ombedtmont similar to that shown in 1FI6. 12. in which roastiva toatrng is used to expend 
tha oxpgnston manlier, with current boing conducted through wires feeing attached to eitteir sidQ of tha expansion 
member Tha expansion msttber as shorn is partiaOy depbyoil 

FIG. 12B is an onbodimam simtor to that shewn in FIG. 12A, in which resistive tooting is ussd to expand 
tha oxpansien member, with current feairqj eondueted through 8 wiro being sttaetood to the distal end of tha expansion 
msmber ond through o coating on tho first oJonnete rrarafcer. Tho expansion rrtsmbor as shown is partiaCy doptoysd. 

FIG. 13 is a schematic, side cross sectional view §f an ombodtntsnt si which a plurality of ribbons are used 
as tho ospansion member. 

FIG. 13A is an embodiment similar to that shown in FIG. 13. in which s wcrm solution passes between 
the first and second elongate members to transfer heat to the expansion rrtsmber, causing it to expand. The 
expansion rrBmbH as shown is partsHy deptoyed. 

FIG. 13B is an ombodirront similar to that shown in FIG. 13A, in which a warm solution passss through 
tha first elongate msrnbor to transfer heat to the expansion rnsmbar. causing it to expand. Tho expansion member 
as shown is partsHy deployed. 

FIG. 13C is an embodiment similar to that shown in FIGS. 13A ond 13B, in which a warm sotutien passss 
through ono or more tomans in the first elongate number to (transfer heat to tho oxpsnsien rrasaber. csuaag it to 
expand. The expansion msmbor as shown is pcrtiolry deployed. 

FIG. 14 is a schematic, side cross sectional view of an embodimant cn which a plurality of rfos aro ussd 
as the ojpansron member. 

FIG. 15 is an isomatnc view of an eirtbodimant of the invention in which a pull wtro is used to deptoy a 
plurality of non-setf-expending ribbons surrounded by a mambrono. 

FIG. 16 b a side partial sectional viow of tho embodEmam of FIG. 15 in which tho ribbons are in thab 
relaxed, undeployed position. 

FIG. 17 is a side efavattonal vtaw of the embodiment of FIG. 15 in which the ribbons are deployed, ond the 
membromi makes a seal with the vessel. 

FIGS. ISA and IBB show longitudinal end ond perspective wows, respective*/, of a locking mechanism ussd 
with a wire that deploys an expansion member. 

FIG. 19 is a perspective view of an ohematrtfo locking rrtacharosm used with a wire that deploys an 
expansion msmbor. 

FIGS. 20A. 20B, 20C, and 200 show, respectively, a braid, a fflter-Kto smash, a slotted tube, ond a plurality 
of coils, which can be used as alternative expansion mombers in place of tha ribbons m the ombodonent of FIG. 15. 
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Dtttital Ogsrrxninn ot the, Pgfgrgg embodiment, 
The exponent n»tr> diseased herein include braids, ceils, rta. ribbon*, struct™, dotted tubes, end 
fltr-Jik. muhu. The* eiparuran members nay be pertisey cowed er eom*t.Jy aurouuded fay a membrane or 
other covering to provide oeckmm or sealing of the vesseL As us* ham. -.coW or "seafinB". and the Ike 
mew parted or complete blockepe of fluid flow in . „,cuUr segment, as it i, sometime, preferable to allow 
perfusion. Moreover, such expansion member, may be d.ptayed by venous mechanical means, electrical means or 
thnrnomechanical m**, etc as d«cr*ed herein. Espension member, that are deployed mechanically are pref erabf, 
'spring-Ike- 01 nature, lb. they are preferably resilient to facitate their deployment or retraction. 
Catheter Atmeretuses inri S ^fjjpandja Bniilt T 

One embodiment of a catheter apparatus ineorporatino the present invention for treating occluded vessels 
is shown in figures 1 and 2. A, shown therein the eethetar apperatus 651 consist, of a flex*!, elongate men*., 
652 whxh is provided with promal and distal eitremtie, 653 and 654. A conventional adapter 656 is mounted 
on the proxonal extremity and is provided with e Touhy-Borst fining 657 which i, h communeation with a Urge 
central lumen 656 extending from the proxenol extremity 653 to the distal extremity 654. An expiration fitting 661 
is provided on the adapter 656 ., well as en irrigation fitting 662. both of which em in communication with the 
central lumen 658. However, it should be appreciated that if desired, separate lumens cen be provided in the flexible 
elongete member 652 for both of the fittings 661 and 662. 

Salf expaading seals*) mechanism 666 is mounted on the distal extremity 654. ThiTseM-Sipanding seeing 
ntechanian 666 can take any suitable form, For exemple. as shown it can consist of a braided structure 667 formed 
of e suitable shape mnory materiel such o nickel tit.nkm. .Uoy that wil attempt to expand to a pred.twmmed 
shape mumory. Other thin shape memory materials, other materials such as stainless steal. ElgHey™ titanium or 
other materials can be utilized r. the braid 667 as long as they have the capability of expends* when the self- 
expandng seal mechanism is released. Also it should be appreciated that the sett-expanding seal mechanism 666 
can be comprised of an ebsorbent material which when n absorbs tain, or blood expands to form a seaL Such 
seals can be readily accomplished because it is only neossary to form a seal of approximately 15 psi to prevent 
smell particles from moving downstream. 

In order to prevent ebrosion of a vessel, it is desirable to cover the broiled structure 667 with e covering 
668 of e surtebte material such es a polymer or a biocompatUa coating which extends over the braided structure 
867 and which moves with the braided structure 667 es it expand, end contracts. The polymer cen be of e suitable 
matarral such as sicone. C-flex. polyethylene or PET which would form . good xeeling engagement with the wall 
of the anery. The covering 668 may be perforated to oltow perfusion. 

A mechanism a provided for compressing the setf-expandbig suing mechanism 666 so that the apparatus 
can be m.erted into the vessel 481 and eonsrsts ol an elongate sleeve 771 having proximal end distal extramhia, 
772 end 773 end e bore 774 extending from the proximal extremity 772 to the distei extremity 773. A cotter 778 
b mounted on the proximal extremity 772 of the stem 771 and a positioned our the adapter 656. The eoHar 776 
serves as a mechanism (or retracting th, deeve as drown in Figure 2 to uncover the self-expanding Mating 
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iraeteBBm 666 ohef the catheter has tom depto „ B(l t0 ^ tho 88 | f . Mpondi!ta 8oaSng 6S6 ,„ axpanjj 

ond farm a sad with the arterial vossol odjoent tho nonosts to be treated. 

Anotter enbodirrcm of a cathoto opporotus for treating secluded vessels incorporating the presam 
invention is shown in figures 3 and 4. As shown therein, the opporotus 781 consists of o guiding eothoter 782 
haraig jminsl and distal extrerrritios 783 and 784. As shocm. the distal oxtroraty 784 a provided with a pre- 
fonrad bend of q conventional type. A comotiorai attachment 786 is mounted cm the prastmJ oxtromity 783. 
SeH-axpandrng soal mechanism 791 is mounted on the total axtramrty 784 ond is of the type feaoinbefore described 
m correction with the embodiments shown in Figures 1 ond 2. A stave 796 sirafer to tin demro 771 of the 
previous embodiment is provided in tho prossm embodaiam for encasing the self-ospsnding seal mechanism 791 and 
for leteeang the same after it has been disposed in on appropriate position within a eased adjacent the occlusion 
to be treated. Thus, a sleeve 796 is provided having proximal and distal extremities 797 and 798 ond having a bore 
799 extending from th 0 proximal extremity to the distal extremity which is sized so that it can receive the guide 
catheter 782. It is provided with a coyer 801 on its proximal extremity which is adapted to ba disposed outside 
the patient end which is adapted to be graspad by the physician for pulling the aloovo 796 proxinaBy to uncover 
the self-expanding seal 791 after the apparatus has been deployed to permit tto self-expansion of tfo sealing 
mechanism 791 to form a seal with the vessel wall as shown in Figure 4. 

In accordance with the hareinbofore described descriptions, it is apparent that the apparatus con be readily 
deployed and serve tha soma function as the main catheter. To accomplish this, the ossomtty 781 can bo introduced 
into the femoral ortery ond the distal extremity advanced into the desired location in tho ortorfol vaaseL After it 
hos boon properly positiorod. the physician can retract tha sleeve 795 to permit tho serf-expending seal mechanism - 
791 to e.tpand and to form a seal with the wall of the arterial vessel to occlude the arterial vessel and interrupt 
the flow of blood in the vessel to provide o working spaco distal of the oeetusion formad. This prevents small 
paticles which may thereafter bo dislodged from moving downstream. Since e central turron is erasable, the 
morapeutlc procedures hereinbefore described can be employed with the catheter apparatus shown in Figures 1. 2. 
3 ortd 4. 

Although the self-expanding sealing mschanism 666 (791 1 can be deployed by retracting the sfeeve 771 
(796) as provtausty described, tho sealing mschanism can also ba deployed by pushing tta flexile elongate member 
652 (guiding catheter 7821 through the sloove so that the sealing mechanism can oxpand. This may be the prcforrod 
way of doploying the oocfing machonum 666 (7911, if there is Bttie claaranca botwean tho opporatus 651 (781) and 
the vessel within which the apparatus resides, to reduce the risk of damaging the petient's vessel. As discussed 
balow in cormoctmn with subsequent figures, the leafing mechanism 666 (7911 may oltomatively comprise mentors 
such as a col o ribbon-Eta structure, a slotted tube, or a fiitor-Oka mesh. In eoeb cose, tha sealing naeharusm 
expands to partially or completely ocdude the vossel in question, or ahamativdy, to anchor on mtrovosrafa device 
to the vessel 
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Afremoiive Sctf-Eioandinfl Members 

Another emfaodmoit using a braiied structure a shown schematically in FIG. 5, in wtich e flexible elongate 
member 20 is disposed within a second elongate member 24 such as a hypotube. A self expending mechanism 28 
such as a braided structure is secured to the distal end ef the elongate member 20, preferably within an eidentation 
32 of memoer 20. The braided structure 28 is only partially encapsulated by a preferably elastomer* membrane 
36 that makes e seal with the patient's vessel 40. (Alternatively, a coating such as a polymeric coating may be 
used in place of the membranes disclosed herein.) in this end the other embodhtents, adhesive may be used to 
secure the self-expanding mechanism 28 end the membrane 36 to the elongate member 20. In the embodiment of 
FIG. 5. the braided structure 28 and membrane 38 are designed to be asymmetrical, with more material being 
concentrated et the proximal side of the structure 28. The braids of the embodiments disclosed here* may be 
stainless steel 304 or 400, supereisstic or heat activated Nitinel en eon base shape memory alloy, or a polymer 
bese, such as polyethylene or polypropylene. They may be constructed, for example, by using standard equipment 
such as a braider. 

Although the embodiment ef FIG. 5 shows the fkxibta elongate member 20 connected to a guidewire up 
44, other technologies for guiding the device through the patient's vessel 40 may be used in this and the other 
embodiments, such es e guidewire (either over the wre or single operator) or the exchange catheter method, as Is 
wel known in the art. Also, although not explicitly shown in the embodiment of FIG. 5 and the other ernbodmnts 
herein, these embodiments may trtcsjde lumens, aspiration and irrigation fittings, and collars ike those ikistrated n 
FIGS. U. 

The membrane 36 is preferably impervious to the how of blood (FIG. 6a) for those applications not requiring 
perfusion, although a perforated membrene 36* (FIG. 6b) having numerous holes 37 therein may be used in other 
appfcaticns to allow the passage of blood. The holes 37 are preferably greater than 10 microns in diameter end 
may be up to 80 microns or more in diameter to permit the passage of blood cells (nominally 6-10 microns in 
diameter) through the membrane 36' while blocking larger particutatBs such as emboli. Likewise, a perforated 
membrane 36' may be used in the other embodtnents disclosed herein. Antrthrombogenrc coatings can be used (ej., 
heparin) to prevent thrombosis formation. 

RG. 7 shows en embodiment in which a braided structure 50 is not enclosed by a membrane. When the 
braided structure 50 comprises, for example, a diamond mesh pattern in which adjacent wires are separated by about 
10-80 microns, the braided structure permrts the passage of ted blood cells, whoe blocking the flow of matter that 
may be undesirable. e.g. embofi or other particulates that may be formed or dislodged during medical procedures. 
Thus, this embodiment is well suited for applications for which perfuskm a required. 

Ahemethre seff-expanding media are shown in FIGS. 8 and 9. In FIGS. 6 and 9. a satf-eipanding fiher-eke 
mesh 60 and a seH^xpending slotted tube 7Z respectively, ere surrounded by a membrane 62 that is preferably 
etastomeric. The fitter-like mesh 60 (or slotted tube 72) and membrane 62 are honied or otherwise secured to a 
flexiile elongate member 64. e.g. to an indentation therein. As with the other setf*xpandmg madia disclosed herein, 
the filter-fee mesh 60 (or slotted tube 72) expands from its unexpended state when the flexible elongate member 
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64 b puahsd through a second olongote mentor 66. or alternatively, when the socond otongato member 66 is 
retracted over tha fe-at elongote ntsmbor 64. The filter-tike mesh 60 <er slotted tuba 72) than expand* so that the 
rraittoane 62 forms a seal with tbo aOTwmdmn. vossal 68. A gts^rs tip 70 ocds m guiding tho device through 
tho vessol 6B. Tho fatcr-Eko mash 60 and slotted tube 72 oro of a suitable chapo memory material such as Nitinol 
or (304 or 400) stainless stooL The fiftor-Eto mash 60 is fSmtua in nature, using semswhat oielegous to steel wool. 
Tho clotted tube 72 has o femkoto awoaronce. The sternal tubo 72 may to constructed, for example, by 
irradiating a thin-wofled tuba c/ith a laser boam to farm hubs in the tube in tfe shape of polygons such as oWonc 
quodrilgterois. An unoxportdod, slotted tuba 74 is shown m FIG. 10. 

FIG. 1 1 aiustrates onotter embodiment in which a eofl 80 serves as tho self-expanding mschanism, The 
coil 80 may be integrally formed with a first elongate mombsr 82 or be otherwise specially joined to it. e.g„ by 
wading or brazing tha coy to tho dongato rrambor 82. The eofl 80 is surrounded by e membrane 84 that expands 
with the coil when it ts pushed out of a second elongate mambar 86, or ehemativaJy. whan the second elongate 
momber 86 is retracted from the coil 80. Thus, the mombrane forms o seal with the surrounding vassal 90. The 
mambrana 84 may be attached directly to tho first elongate mamber 82, or to a mambar 88 such as a disk that is 
in turn secured to the coil 80 or the tot elongate member 82. A guidewiTe tip 92 for guiding tha devico through 
tha vessel 90 may ba attached to tho test elongate msmber 82 or to the mamber 88, if one is usod. 

An embodiment sbn3ar to that shown in FIG. 11 is 9histrated in FIG. 1Z in wfcch the mambrane 84 is 
secured ot tha proximsl end to o separate sheath 94. In this case, tho chooth 94 and tha first elongate master 
82 oro extended together over and through, respectively, tho aocond elongate marcher 86. Assembly may rajuire 
preloading the coil 80 through the distal end of the second elongote manfcr 86. 

Another embodbnant that employs a self -expanding medium is shown in FIG. 13, in which b plurality of 
r&boru 100 mako contact with o mambrDne 102 while they expand to urgo tha membrane towards the wall of the 
vassal 104 wharo h makos a seal. Tho rfcbons 100 ot this embodiment are preferably secured to a first elongate 
msmbar 105 at both ends ot the ribbons, by. for example, gluing item in piaca. Tho ribbons may be 0.001-0.004" 
x 0.005-0.020° x 0.25-1.0° strips of Nitinol. staintass steel or Etgfoy™ which oxpond when urged out of the sacond 
elongate member 108. A guidewtre tip 1 10 may be used for guiding the device through the vessel and is preferably 
secured to the distal ond of the first elongato member 106. 

FIG. 14 iEuatrates on ombodoncnt similar to the one in FIG. 13, in which ribs 120 such as wires form a 
sorias of semidrajlar arcs when they expand. Tho ribs 120 are surroundod by o membrane 122 that expands with 
tho ribs to forni a seal with the vessel 124. The number ot rfos 120 is preferably ot least three. The ribs 120 are 
proforaWy attached directly to a frst elongote member 124 that is surrounded by o second elongate mamber 126. 
Tho ribs 120 themselves ore preferably made of o shape memory material such as Nitinol or stainless steel. A 
guidowire tip 128 aids in guiding the device through tho vassal 130. 

As in tho othor seK«oxponding embodiments, the self-expanding machanism 100 (1201 is in on unexpended 
state when enclosed by the second elongate member 108 (126). and expands when pushed or pulled beyond the 
second elongate member 108 (126). 
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1 Hmt activacri emhndramt 

HSS. 12A end 12B itom tew rtetricl mum ean b. and to generate hut to expand .„ upansion 
member. A first elongate m«nber 82' (and a eofl BO* which adjoins h. cod 80' and manner 82' tea*, similar to thai, 
unpnmed counterpam) □ pref«Wy mad. of teat activated Nitinol an iron base shepe memory alloy, or anothar 
material thai expends when exposed , 0 haat. As shown in FIG. 12A. low profile, low resistivity electrical Imea 81 
and 83 preferably pass either through or eiang the second elongate member 86 end ere attached (..„.. anldared) to 
the first elongate member 82' on either side of the coil 8C. When current is appfed through the electrical fines 8 1 
and 83 (the power supply is not shown but is preferably outside the patient), the col 80' heats up through resistive 
heatinc. and the coil .spends to urge the membrane 84 to contact tha vessel waO 80. Alternatively, as shown i, 
FIG. 128. the first elongate member 82- may haw a coating 85 of gold or sire,. In this embodiment, the coated 
elongate member 82' is used to pass current (with most of the current preferably being carried by the coating 85. 
so that most of the energy s deposited in the coi 801, with the circuit being completed with a low resistivity wre 
67 that is preferably connected te.g, soldered) to either the second elongate member 86 or the sneeth 94. This 
Principle of resistive heating to upend a upwmon member can be appbed to the other embodiments disclosed herein 
as wed. 

FIGS. 13A. 13B. and 13C illustrate how heat transfer using a fiquid can deploy en expansion member. The 
ribbons 100' ere preferably made of heat activated Nitinol. an iron base shape memory .Moy.Tr enoTher material that 
upends wtan exposed to heat In tha embodiment of FIG. 13A. . wotm safe, solution 107 is passed between the 
first end second elongate members 106 and 108 and tten ova, the membrane 102. so that heat is transferred to 
the ribbons 100'. As the ribbons 100' hut up, they expand, thereby urging the membrane 102 against the vessel 
wall 104. As iajstratad in FIG. 138. the werm ubne solution 107 may also be pessed through the first elongate 
member 106 end then through holes 109 in member 106 so that the saline solution 107 more directly transfers teat 
to the ribbons 100'. In this entoderm, one or more holes 111 in the membrane 102 (distel to where the seal with 
the vessel well 104 is mode) may be used to auow the uline solution 107 to flow away beyond the rfcbons 100" 
after heat transfer to the ribbons occurs. As Uustrated in FIG. 13C. the seine solution 107 may else be passed 
through one or mem dosed loop ceils or lumens 1 13 within the first elongate member 106. bi this way, the ribbons 
100' and the patient's blood ere not exposed directly to any sokition. Usuj teat transfer can also be eppLed to 
the other embodiments disclosed herein, provided the expansion member is suitably constructed. 
£ Mechanically den toved embod™^. 

Cither non-seffupandinB suhng mechanism that can be used for oeduding a vessel are described below. 
In the embedment of FIGS. 15-17. , met eton^, 140> , pu|| w ^ k (whm ^ ^ k 

completely auembtod) atucted to . brace member 144 that is in mm attached to a first rcig member 148. 
Adjoining the first ring member 148 and a second ring member 152 are a plurality of ribbons 156 that extend 
batwun the two ring members. Surrounding the ftbons 156 is a membrane 160 that forms a aeal with the 
patient's vessel 182 when the ribbons are upended. The membrane 160 is jonad to et least one end preferably 
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6eth of the ring msR^rs 148 and 152. Tho membrono 160 con bo porrad to onty ono of the ring msmbers 148 
and 152. for esampie, when to mcatoono 160 oatonds fer enough cn to longitudinal direction to permit the 
irambrane to mahs a good soal crfth to vessel 162 wtan to rSbora 156 oro deployed. 

To assemble eho doveo, tho fcrst art seceraJ ring frav&sra 148 and 152. tho ribbons 156, and to 
rraeibrDBQ 160 oro ptocod oc a us* oieund g second ofoagato wornicr 166. rahMi has a pair of oppositely facing 
to 170 ond 172. Ths brace roofsto 144 is inserted threagh to hobs 170 end 172 and secured to Doth the 
pull wins 140 and the first ring mentor 148. Further, to second ring member 152 is secured to to sscond 
eieagata merrtwr 166. This assofibbd configuration, with the rfefeans 1S8 cn their Congitudmol cremation, is 
frustrated tn FIG. 16. As flbttratod in FIG. 17. when the pull ewe 140 is retracted, the ribbons 156 (town in 
ptantom) and tho membrane 160 tot surrounds them are urged towards to rasa] 1 62. wharo to morabrora neires 
a caal with the vessel Tto ribbons 160 ore preferably roafont enough ce that toy return to tocr longitudinal 
orbmtation whsn tho pull wire 140 is released. The elasticity and roaffionco of the puU wire 140 also taips the 
rficbow 156 return to their undeployed configuration. A guidewire ttip 171 may be used to assist in guiding the 
deviee to to desired b cation in tho oossol 162. 

A preferred way of retracting to putt wire 140 b sbewn in FIGS. ISA and 18B. FIG. 18A shows to pull 
wire 140. which is attachod to tho brace msnber 144. A rotatabte handta 180 is attached to a tecteg irantor 
184 which ki turn is fastened to tho pun were 140. When to locking ntsmbor 184 ebcrs to second ciongote 
nnmbe* 166 within which it resides (which is preferably outside to patont), tho Cocking rrambor ond rototobia 
handle 180 may be oriented as ifeistratod cn FIG. 18B to boop tho paS wiro 140 taught, thereby preventing to 
soofcig mechanism from returning to its trndaployod position. The pull wire 140 may be made of stainless ©r nitbwl 
and may have a diameter of 0.006-0X08 inches, for a cetoter having on 0J). of 0.014°, for example. 

An alternative to the dsploymant apparatus ifiustrated tn FIGS. ISA and 188 is shown in FIG. 19. cn which 
a handie msmber 190 is grasped by to clinician to retract the pufl wire 140, thereby deploying to seating 
mechanism. Once extended, the aaotng mechanism preferably has to tendency to return to hs undeptoyed position, 
wtah in to process puis the pui wire 140 tack into to second elongate member 186. This can ba prevented by 
inserting a spacer member 194 betwoon the bondb msmbor.190 ond tho soand olongate member 166. After to 
nodical proeoduro is comptate, and ocdusion of tho vessel b no tango? required, the spacer msmbsr 194 can bo 
rcmovBd and the puM wire 140 ond to cooling mechanism returned to toir respective imdepJoyed positions. Tho 
device con then hz romovod from the patient. 

Although to principle) of using a rarvself-oxpanding rracharosm has boon fliustratod in FIGS. 15-17 with 
respect to deformabte ribbons, other non-sel^oxpaiidifig mechanisms, as dtustrotod n FIGS. 20A-20D. can be employed 
tn conjunction with the brace manner 144 and the first and second ring makers 148 and 152. Fer oaampfc 
instead of using rfebons 1 56, a norvsoH -oaponding braided structure 200 can to used, in which tho bratdod ctructaro 
200 adjoins first and second ring frombors 148 ond 152 and is covered with a msmbrano 160 to form tho emit 204 
town in FIG. 20A. The unit 204 can be used in conjunction with en cSongeto msmbor 166. a brace msmber 144, 
a gutdovrire tip 171. a tot elongate member 140 such as a pufl wire, a rotatabh handle 180. and a locking member 
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184 to form . dene, .nabgous to th. ribbon*,* dance of FIG. 1 5. Alt.rn.tro*. other rn.eh.nBro on be u.ed 
for securing th. pull win 140. such es a fundi, member 190 *nd a spacer rtwnoar 184. 

Othr non-setf-eipanding meehanams such as i fttiMle mesh 208. a slotted tuba 212. and coils 216 can 
b* used to form unhs 220. 230. and 240 analogous to tbo tnkf«d structure unit 204 as shown in FI6S. 208. 20C. 
and 20D. Units 220. 230. and 240 can ikmrin ba usod to construct devices analogous to tha ribben«asal de«ce 
ik.str.ted in R6S. 15-19. Further, if unit 204 is used without a membrane, it may assist h blood perfusion if the 
braided structure 200 is suhaUr constructed. Altemativelr. perforated membranes like membranes 36' of FIG. EB 
may be used to permit blood perfusion. Aftbauoh the ribbons 156. tha braided structure 200. the futortke mesh 
209. the slotted tube 211 .nd the coils 218 must be actively deploy* (04). with e pull wire 1401 they arc 
nmrthniess sirdar to their self-expanding counterparts. 

It should be understood that the scope of the present mention is not be foisted by the lustrations or the 
foregoing description therisf. but rather by th. .pp.nded claims, and certain variations and modifications of this 
invention wflf suggest themselves to on. of ordinary ski in the art. 
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WHAT IS CLAIMED IS: 

1. A dsvtce for ccchjding a vascular segment, comprising: 
an enpansion manbar; and 

first and second elongate markers, wherein ssid first Ungate msmbar engages said oxpsnsion member and 
said soeond obngoto member engages said first elongate msafeor. sard expansion member expanding to at bast 
parteoOy occhida the voscukr segront when ono of said otatgato mes&cro s snovaJ langrtudinaOy. 

2. Ths device of Claim I. further eomjmsag o material that odpms said expansion member lot 
croatinfl a seal with ths vascular sogmsnt. 

3. Tte device of Cteon 2. wheinin said notorial do2S rat completely encapsulate aaid expansion 

member. 

4. Tha device of Claim l f wherein said expansion manber is a filter-Eta mesh attached to an 
Endorttaian within said first elongate msjtbcr. 

5. Tka device of Claim 1 # wrarom said expansion rtcmbor is in on unexpandod state when it is 
surrounded by said second elongate member. 

6. Tte device of Clasn 5, whoroin said exponsion ensmber expands when said first elongate mamber 
is pushed through said second elongate member. 

7. Tha dovice of Claim 5, wherein said expansion member is self-expanding. 

B. Ths device of Claim 7. wherein said seltaxpanding mombsr comprises a member seiseted from the 
group insisting of a braid, 8 ce3. s ribbon-fitte structure, o slotted tube, a pfeirafity of ribs and a fBtGr-J&e nosh. 
9. The device of Claim 1. wherein said second elongate rrembar is also secured to said expansion 



member. 

10 

retracted. 
11 



Tha device of Claim 8, whaom said oxpansion msaber expands as said first elongate rramter ss 



The device of Claim 9. wharoin said expansion member comprises a rrcmber selected from the 
group consisting of a braid, a pturaJrty of eols, a ribbon-Site structure, a slotted tuba, and a JBter-l&e iraesh. 

12. The dovica of Claim 9, wherein said expansion mamber expands as the relative position of said 
first ami second elongate rrambars changas. 

13. A mathod oi occluding a segment within a vessel comprising: 

inserting first and second elongate rrambors into the vessel wherein the first elongate member adjoins on 
expansion member: and 

varying the position of at least one of tho elongate rrambors so that the oxpansion rramber expands unta 
the vessri is occluded. 

14. Tte method of Claim 13. in which said varying step comprises retracting one of the elongate 

mambefs. 

15. Th2 method of Clami 14. in which said retracting ora of the olongato numbers causes tho 
expansion member to expand. 
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16. The method of CUim 14, in which the expansion member idyoiru both elongate ranters, and the 
relative position of tho elongate members is varied to txpind tht expansion member until the vessel is occluded. 

17. The mtthod of Claim 13, in which said varying step comprists pushing one of the elongate, 
members through tho other elongate member. 

18. The method of Claim 13, further comprising: 
performing a medical procedure near tho ocduded she; and 

retrieving the elongate members and the expansion member from the vessel. 

19. A method, comprising: 

inserting en expansion member within the vessel; and 

heating the expansion member to cause it to expand uml the vessel is at toast partially ocduded. 

20. The method of Claim 19, in which the expansion member h comprised of a material selected from 
the group consisting of heal actuated Nitinol and an iron base shape memory alloy. 

21. The method of Claim 19, in which said heating the expansion member comprises passing electrical 
current through it. 

21 The method of Claim 19, h which said heating the expansion member comprises flowing warm 
soejtion near the expansion member to heet up the expansion member. 
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